INTRODUCTION
Obtaining reliable measurements of neutron star masses is an important pre-requisite for placing constraints on the equation of state of dense nuclear matter. Currently, the most precise mass measurements for neutron stars come from studies of binary radio pulsars (Stairs et al. 1998; Thorsett & Chakrabarty 1999) which are all consistent with 1.38± 0.07 M⊙. The masses of the neutron stars in the binary radio pulsars likely reflect the mass at their formation since these particular neutron stars presumably have not accreted any mass since their formation. Neutron stars in Xray binaries have been accreting at large rates for extended periods of time. Hence the mass estimates for neutron stars in X-ray binaries should give us information on the range of allowed masses van Paradijs 1998) .
Unfortunately, X-ray binaries are not as "clean" as binary radio pulsars and mass determinations derived from dynamical studies are subject to larger uncertainties (e.g. van Stickland, Lloyd, & RadziunWoodham 1997) . In the case of the high-mass X-ray binaries, the observed radial velocity curves often show pronounced deviations from the expected Keplerian shapes, presumably due to tidal effects and non-radial oscillations in the highmass secondary star. Since most of the mass of the binary resides in the high-mass O/B secondary star, the derived neutron star masses are quite sensitive to errors in the velocity curves of the visible stars.
In the case of low-mass X-ray binaries (LMXBs), reliable dynamical mass estimates have been very difficult to obtain both because their neutron stars do not pulse and it is often not possible to directly observe the secondary star optically, since the optical flux from the companion is usually overwhelmed by reprocessed X-ray emission from the disc (van Paradijs & McClintock 1995) . The quiescent state of soft X-ray transients (SXTs) offers an opportunity to detect the faint companion and extract dynamical information.
The transient XTE J2123-05 was discovered by the All Sky Monitor (ASM) on the RXTE satellite and promptly identified with a 17th magnitude blue star with an optical spectrum typical of transients in outburst Tomsick et al., 1998a) . The discovery of Type-I X-ray bursts (Takeshima & Strohmayer 1998) and the detection of twin high frequency quasiperiodic oscillations (Homan et al., 1998 (Homan et al., , 1999 Tomsick et al., 1999) , as seen in other neutron star LMXBs (van der Klis 1999 and references within) indicated that the compact object was a neutron star. This make it one of four neutron star SXTs, the other being Cen X-4, UY Vol and Aql X-1. A pronounced photometric modulation was reported by Casares et al., (1998) . The orbital period of 6 hrs was subsequently determined both photometrically (Tomsick et al., 1998b ; Ilovaisky & Chevalier 1998) and spectroscopically (Hynes et al., 1998) .
In this paper we re-analyse the outburst and decay optical light curves of XTE J2123-058 using an up-to-date model and fitting algorithm which is more robust. The model we used previously suffered from computational biases, in particular when calculating eclipses. Also, as is the case in most fitting procedures, the minimum solution depends somewhat on the starting parameters. Here, we use a genetic-type algorithm which is more robust than conventional techniques. We determine accurate masses for the binary components which allows us to comment on the outburst mechanism of XTE J2123-058.
THE DISTANCE TO XTE J2123-058
We can estimate the distance of XTE J2123-058 by using the absolute magnitude of a main sequence star given the observed spectral type. After correcting the observed mean apparent magnitude (mR=21.8) for reddening (EB−V =0.12; Hynes et al. 2001 ) and contamination by the accretion disc (23%; Casares et al 2001) and using the absolute R-band of a K7v star (MR=7.0; Gray 1992), we estimate the distance to XTE J2123-058 to be 9.3±0.8 kpc. Note that this distance is a lower limit as it assumes the secondary star is a main sequence star; if it were evolved then it would be intrinsically brighter and hence would need to be further away to match the observed magnitude. However, the secondary star is not far evolved from the main-sequence, given its measured mass and radius (see section 5).
THE X-RAY BINARY MODEL
In this section we give a brief description of the X-ray binary model used to fit the optical light curves of XTE J2123-058. We also describe the differential evolution algorithm which is more robust in finding the best fit and does not depend on initial guess parameters, like other commonly used methods do.
Brief description of the model
To interpret the optical light curves, we used a model that includes a Roche lobe filling secondary star, the effects of Xray heating on the secondary and a concave accretion disc, shadowing of the secondary star and the disc, and mutual eclipses of the disc and the secondary star. The parameters for the model are as follows:
• the model parameters that determine the geometry of the system; the orbital inclination i, the mass ratio (q = M2/M1, defined as ratio of the secondary star mass M2 to the compact object M1), the Roche lobe filling factor f ,
• the parameters which determine the light from the secondary star; its mean temperature and gravity of secondary, Tmean and logḡ respectively, the gravity darkening exponent β and the X-ray albedo W , The temperature across the star is scaled such that it weighted mean matches the observed temperature. The gravity across the star is scaled so that its maximum value is set to the observed mean gravity of the star.
• the parameters which determine the contribution of light from the accretion disc; the disc radius (R disc ) defined as a fraction of the distance to the inner Lagrangian point (RL1), the flaring angle of the accretion disc (α); the temperature at the outer edge T disc and the exponent on the power-law radial temperature distribution ξ,
• the parameters related to the X-ray heating; the X-ray flux of the compact object FX , the distance to the source D kpc , the orbital separation (determined from the optical mass function f (M ), the orbital period P orb the mass ratio and the inclination).
We can set many of the model parameters to reasonable values. For example, we assume the secondary is in synchronous rotation and completely fills its Roche lobe, since there is ongoing mass transfer. The secondary star has a radiative envelope, so the gravity darkening exponent is set to 0.08 (Lucy 1967) . The albedo of the companion star is fixed to 0.40.
The accretion disc
The model assumes a flared, concave accretion disc of the form h ∝ r 9/7 (with h and r the disc height and radius respectively; Vrtilek et al., 1990) . The radial distribution of the temperature across the face of the disc is given by T (r) = Toutr ξ where Tout is the user-specified temperature at the outer edge of the disc. For a steady-state, optically thick, viscous accretion disc, the power-law exponent ξ=-3/4 (Pringle 1981). For a disc heated by a central source the exponent is -3/7 (Vrtilek et al., 1990) . The temperature of the accretion disc's rim is fixed at Tout. We have assumed that the disc radiates as a blackbody. Since the disc is heated by X-rays, the blackbody assumption is justified. For a given local temperature in the accretion disc, we calculate the blackbody intensity over the wavelength range of the filter and then fold it with the response of the filter.
The intensity distribution
The intensity distribution on the secondary star is calculated using PHOENIX model atmospheres colours that are publically available on the World Wide Web. PHOENIX is a multi-purpose state-of-the-art stellar atmosphere code that can calculate atmospheres and spectra of stars all across the Hertzsprung-Russell diagram (Hauschildt et al. 1999) . The colours that are available cover a range of temperatures (1700 K-30000 K) and gravity (log g=3.5-5.0) and wavelength, and have been already convolved with standard filter responses. For this code to be of general use, it is important that one can calculate model atmospheres for cool stars. Only PHOENIX can compute the colours of very low-mass stars. In order to accurately calculate the intensity at each grid point on the star, which depends on the local temperature and gravity, we use a 2-dimensional bicubic spine interpolation method (Press et al., 1997) using the 2-dimensional colour grid.
We use a quadratic limb-darkening law to correct the intensity from the star and accretion disc. The coefficients are taken from Claret (1998) which were computed using PHOENIX model atmospheres. These calculations extend the range of effective temperatures 2000 K-50000 K and gravity log g = 3.5-5.0. Again we use a 2-dimensional bicubic spline interpolation method to calculate the coefficients for a given temperature and gravity.
FITTING THE DATA
In this section we re-fit the optical light curves of XTE J2123-58 described in Zurita et al (2000) . The model that was used suffered from many computational biases, the result of many transfers of the code to different operating systems. Therefore we have written, a new up-to-date code, that models the light from an X-ray irradiated Roche-lobe filling star and accretion disc orbiting a compact object. The model includes a flared accretion disc, and new model atmosphere fluxes and limb-darkening coefficients for cool stars. Also, we now use a robust genetic-type algorithm to fit the data. Hence we are able to determine accurate masses for the binary components of XTE J2123-058.
The fitting algorithm
The minimization of a function is a difficult one, especially if the function is complicated and has many parameters that are correlated and even more so if there are many isolated local minima or more complicated topologies. Methods such as Powell (a maximum-gradient technique), downhill simplex (polyhedral search technique) are only good if the global minimum lies near the initial guess values; this is not normally the case for complicated functions. When the objective function is nonlinear, direct search methods using algorithms such as by by Nelder& Mead (1965) or genetic algorithms are the best approaches (Press et al., 1997) .
The basic strategy at the core of every direct search method is to generate variations of the parameter vectors and make a decision whether or not to accept the newly derived parameters. A new parameter vector is accepted if and only if it reduces the value of the objective function. Although this process converges fairly fast, it runs the risk of becoming trapped by a local minimum. Inherently parallel search techniques like genetic and evolutionary algorithms have some built-in safeguards to forestall misconvergence. By running several vectors simultaneously, superior parameter configurations can help other vectors escape local minima.
Ideally an optimization technique should find the true global minimum, regardless of the initial system parameter values and should be fast. Storn & Price (1995) have developed a genetic-type technique called "Differential Evolution" (DE), which is robust and simple. DE generates new parameter vectors by adding the weighted difference vector between two population members to a third member. If the resulting vector yields a lower objective function value than a predetermined population member, the newly generated vector replaces the vector with which it was compared, in the next generation. The best parameter vector is also evaluated for every generation in order to keep track of the progress that is made during the minimization process. There are four main parameters in the differential evolution code; NP, the number of population members (usually taken as 10× the number of fitting parameters); F the mutation scaling factor which controls the amplification of the difference vector; CR the crossover probability constant and itermax, the maximum number of generations.
The fits
We use the differential evolution algorithm described above to fit the outburst and decay data of XTE J2123-058. We fix D kpc =9.3, P orb =0.2482 and Tmean=4250 K and logḡ=5.0 corresponding to a K7v star ). The observed X-ray flux (ASM 2-12 keV energy range) during the time of the outburst and decay data sets was 1.697× 10 −9 erg cm −2 s −1 and 1.697× 10 −8 erg cm
respectively. The model parameters that we fit are q, i, R disc , α, Tout and ξ. We use the model and the data to minimise the χ 2 function using CR=0.9, FX=0.9 and itermax=2000 which corresponds to ∼100,000 calculations of the function.
For the outburst data (N =29 data points) we find a minimum χ 2 of 21.2 at q = 0.36, i=72.5
• , R disc = 0.69 RL1, α=5.7
• , ξ = −1.26 and Tout = 2.5 × 10 4 K. In order to determine the uncertainty in the parameters of interest we perform a 1-dimensional grid search and plot the 68 % and 90% confidence levels (see Table 1 and Figure 1 ). For the decay data (N =20 data points) we fix the the binary inclination and mass ratio derived using the outburst data, and determine the radius and flare angle of the accretion disc. We find a minimum χ 2 of 23.3 at R disc = 0.56 RL1, α=5.2
• , ξ = −1.19 and Tout=7505 K (see Table 1 ). The best model fits to the outburst and decay data are shown in Figure 2 . We also show the different components of light in the model, i.e. the accretion disc, the rim of the disc and the X-ray heated secondary star. Vrtilek et al (1990) showed that the temperature profile of a flared irradiated accretion disc is like T (r) ∝ r −3/7 rather than the familiar T (r) ∝ r −3/4 for a steady-state nonirradiated disc. The value for the temperature exponent we derive is more negative (∼ −1.2) than either of these values. For a fixed outer disc temperature (and geometry) a steeper exponent implies a hotter disc. Therefore in order to match the observed flux using ξ = −3/4, the projected area of the disc in the outer parts must be on the whole smaller. Note that this can be achieved if the disc's structure is warped; it has been known for some time that X-ray binaries can produce warped accretion discs (Wijers & Pringle 1999) . Dubus et al. (1999) find that a self-consistent disc model which includes irradiation produces a convex disc, which would naturally gives smaller projected areas in the outer parts of the disc for a high inclination system. Therefore, in order to explain the observed reprocessed X-ray flux in LMXBs, the disc in these systems must be either warped or that the central X-ray source is not point like. With this dataset we cannot determine the shape of accretion disc. However, it should be noted that multi-colour observations throughout an outburst may allow one to determine ξ (see Orosz & Bailyn 1997 ) and more importantly comment on the shape of the accretion disc in an SXT during outburst.
The shape of the light curves
At the start of an outburst the angular momentum of the matter in the disc is transferred to the outer parts and so the matter diffuses inwards and the disc radius expands. When the system decays the disc shrinks in radius. The changes observed in the light curves during decline, are primarily caused by large changes in the disc size and geometry. As we can see from the different component fits to the out-burst and decay data, in outburst, the irradiated disc light swamps the light from the irradiated secondary star and hence its amplitude is relatively small. As the irradiation of the disc becomes less the disc temperature and radius is much cooler, and so the fraction of light from the disc is small compared to the fraction of light from the secondary star. This results in a large amplitude for the light curve. The triangular shaped minima at phase 0.0 in the outburst data can be interpreted as the eclipse of the accretion disc by the X-ray heated secondary star. The deeper eclipse feature in the outburst data at phase 0.5 i.e. when the X-ray heated secondary star is eclipsed by the disc, implies a larger disc radius. The same is true for the eclipse features at phase 0.0. The fit to the decay data requires a smaller and cooler, but not significantly thinner, accretion disc compared to the disc in the outburst data. Our model fits imply a change of ∼20 percent in the disc size, as the system fades by 20% in flux (1.7 mags) in the optical. This change is similar to the disc radius change observed in the dwarf nova U Gem (Smak 1984).
THE BINARY MASSES
The masses of the binary components are given by the equation for the optical mass function. Re-arranging this equation we obtain
where K2 is the radial velocity semi-amplitude, P orb is the orbital period and M1 and M2 are the masses of the compact object and secondary star respectively. Substituting our values for q and i with K2 and P orb we calculate M1 and M2. In order to determine the uncertainty in binary masses we use a Monte Carlo simulation, in which we draw random values for the observed quantities which follow a given distribution, with mean and variance the same as the observed values. For K2 and P orb the random distribution are taken to be Gaussian because the uncertainties are symmetric about the mean value; K2=287±12 km s −1 P orb =0.248236±0.000002 days(1-σ errors; Casares et al., 2001 ). However, for q and i the uncertainties are asymmetric and so we determine the actual distribution numerically. This is done by first calculating the maximum likelihood distribution using the actual χ 2 fit values (see section 4.2) and then determining the cumulative probability distribution. By picking random values (from a uniform distribution) for the probability we obtain random values for q and i. Figure 3 shows the results of the Monte Carlo with 1000,000 simulations. Table 2 gives the values we obtain for the system parameters.
DISCUSSION

The neutron star
Fryer & Kalogera (1999) have determined the neutron star and black hole initial mass function, taking into account mass-loss and the presence of a close binary companion to the progenitor and fallback of material onto the neutron star soon after the supernova explosion. They find that 81-96% of neutron stars lie in the mass range between 1.2-1.6 M⊙. Timmes, Woosley, & Weaver (1996) also derive the mass distribtion for neutron star. They obtain a bimodal distribution with peaks at 1.26± 0.06 M⊙ and 1.73 ± 0.08 M⊙. However, their results were obtained considering the effects of fallback which would smooth out the double-peaked mass distribution. Observationally, the mean mass of neutron stars in binary radio pulsars is 1.38 ± 0.07 M⊙ (Thorsett & Chakrabarty 1999 ). The models of Fryer & Kalogera (1999) agrees well with this observed peak. Within the framework of the models of Fryer & Kalogera (1999) , the current mass of the neutron star in XTE J2123-058 (1.30 M⊙) might simply be the mass at its formation. However, one might, expect massive neutron stars to exist in systems where a neutron star formed at ≈ 1.4 M⊙ has been accreting at the Eddington rate for long periods of time (Zhang, Strohmayer, & Swank 1997) . If the kilohertz quasi-periodisc oscillations observed in neutron star LMXBs can be interpreted as the frequency of the last stable orbit of the inner accretion disc, then the neutron star masses in some X-ray binaries could be as large as ≈ 2 M⊙. Assuming the neutron stars were formed at ≈ 1.4 M⊙, the ≈ 0.6 M⊙ of extra matter is not an unreasonable amount to accrete in ≈ 10 8 years (Zhang et al. 1997 ).
The secondary star and outburst mechanism
In the picture for the evolution of an LMXB, it is now generally accepted that the formation of an LMXB follows a common envelope phase, which leaves a detached system with a compact star and a low-mass main-sequence secondary star in an orbit with a typical period 0.5-10 days. The system then reaches contact and becomes an LMXB under the influence of two processes: nuclear expansion of the secondary star and shrinkage of the orbit on the angular momentum loss timescale. King, Kolb & Burderi (1996; hereafter KKB) describe three possible scenarios for the evo-lution on LMXBs. Case (2), where angular momentum losses shrink the binary orbit too rapidly for significant nuclear evolution of the secondary before mass transfer starts, would appear to describe XTE J2123-058 the best. In this scenario the binary evolves to short periods with the secondary essentially unevolved at all times, similar to the evolution of cataclysmic variables (Warner 1995) .
The transient behavior in some low-mass X-ray binaries has been discussed by KKB and van Paradijs (1996) . They find that a system will be transient if the average mass transfer rate is smaller than some critical value. Following KKB with case (2) where the secondary is unevolved, the average mass-loss rate in XTE J2123-058 lies in the range −Ṁ2 = 7.8 × 10 −10 − 1.7 × 10 −8 M⊙yr −1 (obtained by using the 90% mass limits for the binary components). For an X-ray heated accretion disc, the critical mass transfer rate (KKB) in XTE J2123-058 lies in the rangeṀ crit = 1.2 × 10 −10 − 1.9 × 10 −10 M⊙yr −1 (obtained by using the 90% mass limits for M1). According to KKB, XTE J2123-058 is expected to be a transient X-ray source ifṀ2 <Ṁ crit. We find −Ṁ2/Ṁ crit to be at least a factor of 4. However, there are some uncertainies in how the mass transfer rates are determined. It could be that the mass transfer rate we see in J2123-058 is not the secular mean. It is known that the instantaneous transfer rates in cataclysmic variables can be quite different from the predicted secular mean (Warner 1995) ; star spots (Livio & Pringle 1994) or irradiation of the secondary star (Ritter, Zhang & Kolb 2000) are a few possibilities that could produce instabilities in the secular mass transfer rate. Also the magnetic braking mechanism is not very well understood (Kalogera et al., 1998) . Neither the strength of magnetic braking nor its functional dependence on stellar and binary parameters is known from first principles. An empirical law was derived from rotational velocity data of isolated G-stars as function of time. (Verbunt & Zwaan 1981) . However, the application of magnetic braking to the evolution of close binaries requires the extrapolation of this empirical law to stars with different mass and a much more rapid rotation. In general the magnetic braking law of Verbunt& Zwaan (1981) overestimates the mass transfer rate, and underestimates the dependence onm2 [i.e. the magnetic braking coefficient in equation (9) of KKB could be smaller, and the power index ofm2 could be larger]. Magnetic braking has been shown to give recurrence times which are too short for black hole SXTs with P orb <0.4 days (Romani 1998) ; tidal forces may suppress convection in secondaries with normally convective envelopes, reducing any associated magnetic wind. The same may apply to shortperiod neutron star SXTs It could also be that XTE J2123-058 has had a very different evolutionary path compared to other X-ray transients. The system may may be a remnant of a thermal-timescale mass transfer, leading to peculiarities close to the end of the the thermal phase, such as a significantly underluminous and under-massive secondary star (compared to single stars with similar mass). If this is the case then the transient nature becomes a delicate issue involving the precise mass-radius relation of the evolved companion (Schenker & King 2001) .
CONCLUSIONS
In the context of the thermal-viscous instability model, transient behavior occurs when the average mass transfer rate from the donor to the accretion disc is lower than a critical rate, so that hydrogen is not ionised at the outer disc edge. In the model of KKB, for a given magnetic braking law, the mass transfer rate is smaller in black hole X-ray binaries than in neutron star X-ray binaries. This, together with the higher critical mass accretion rate values leads to transient behavior for all black hole X-ray binaries that are driven by angular momentum losses. For short period neutron star X-ray binaries they argue that they will only be transient if their companions are highly evolved, because the mass transfer rates in binaries with evolved donor stars (close to the end of core-hydrogen burning) are significantly smaller than in systems with unevolved donors. We obtain accurate values for the binary inclination and mass ratio, which when combined with the mass function gives 1.30 +0.4 −0.3 M⊙ and 0.46 +0.37 −0.10 M⊙ (1-σ) for the neutron star and secondary star respectively. Our measured mass and radius suggests that the secondary star is somewhat evolved and thus supports the model proposed by KKB to explain the outburst mechanism in low-mass X-ray binaries. : Figure 3: The mass of the binary components obtained using a Monte Carlo simulation of the observed parameters and their uncertainties (see section 5). The 68% and 90% confidence levels are marked as dashed and solid lines respectively.
